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Abstract- This paper describes a new fully automatic fuzzy
multiresolution-based system for cardiac left ventricular (LV)
sequence analysis. The edge detection process utilized in the
system uses multiscale spatial and temporal information in a
fuzzy multiresolution framework to identify a single moving
edge point for each one of the epicardial and endocardial
boundaries for all framesin a cardiac cycle. The raw extracted
boundaries are processed in the wavelet domain and finally
scale-space filtering is used to define the close LV boundaries.
The system is used to automatically extract gection fractions
and volume changes for real short axis echocardiographic data.
The dynamics of the LV wall are also visualized.

Keywords - Echocardiography, LV Quantification and Wall
Motion Visualization

|. INTRODUCTION

There is currently significant demand for automatic
quantification of cardiac function using 2-dimensiona
echocardiographical  images. This alows noninvasive
determination of LV volumes, gection fraction and regional
wal motion.  Most approaches are based upon the
identification of the endocardial and epicardia boundaries of
the LV cavity on frames coincident with the end-systole (ES)
and end-diastole (ED) of the frames recorded in a complete
cardiac cycle [1]. The automatic processing of such imagesis
a difficult task due to the poor spatia and contrast
resolutions, a high level of speckle noise, and artifacts from
such intracavity organs such as papillary muscles and heart
valves, dropout inherent in the ultrasound image formation
process and image variability.

Linker et a [2]-[4] demonstrated that conventional object
detection  techniques ae not  appropriate  for
echocardiogrphical sequence analysis. Alternative approaches
have been proposed for 2DE image anaysis in the past
including, Simulating Annealing [5], Markov Random Fields
[6], Multiple Active Contour Models [7], Artificial Neura
Networks [8], Relaxation Principle [9], Optical Flow[10] and
Morphological Filters[11].

This paper presents a new fuzzy multiscae-based
technique for automatic cardiac left ventricular (LV)
epicardia and endocardial boundary detection and tracking
on a sequence of echocardiographic frames of a complete
cardiac cycle. The proposed method is a center-based
approach [12]. Section Il describes the complete system. In
this section particular emphasis is given to the fuzzy based
multiscale edge detection process that is centra to the
robustness of the method. In Section Il the performance of

the complete system is evaluated for rea 2DE images.
Conclusions are given in Section 1V.

Il. AUTOMATIC ECHOCARDIOGRAPHICAL ANALYZER

The automatic echocardiographical anayzer is illustrated
in Figure 1. A complete cardiac cycle isinput and each frame
isinitially analyzed.

Figure 1. Automatic Echocardiogrphical
Sequence Analyser

A. Centre Detection:

An automatic fuzzy based method for estimating the location
of the Left Ventricular Centre Point (LVCP) in asingle frame
of 2DE images was previously developed and presented in
[12]. The method incorporates knowledge about the left
ventricular geometry, position in the standard echo views, and
the image intensity information in a fuzzy based framework
to define afew number of candidate pixelsfor LVCP. The
robustness of the fuzzy reasoning based Center Detection
process has been described in [12].
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B. Fuzzy Multiresolution Edge Detection:

The edge detection procedure uses a fuzzy multiresolution
(FMED) [13] method that simultaneously exploits fuzziness
in the spatial and temporal domains.

FMED is amultiresolution edge detection technique in which
the signal information at various resolutionsis provided using
the wavelet transform. Multiresolution edge detection
schemes have been devel oped to not only separate events at
different scales of the signa arising from distinct physical
processes, but also to solve the problem of deciding on the
operator size which isimportant in making a trade off
between the detection and localization performances of edge
operators[14].

Generdly, in any multiresolution edge detection agorithm
theaim isto find an answer to the question ““how to
effectively combine the edge information at different
resolutions in order to come up with robust edge detection
results?' The essence of the FMED techniqueis the belief
that there is ambiguity in edge detection and localization
confined to any resolution of the signal at any wavelet scale.
The main ambiguity source isthe fact that in finer scales the
signal to noiseratio is normally poor whereas in the coarse
scales the localization ability is the main reason for
uncertainty. The novelty of FMED liesin the use of the fuzzy
set theory and associated operators to combine the scale
information in afuzzy manner, which has been shown to be
superior to the Sobel and Mallat's edge detection techniques
in edge detection from very noisy signals[13].

C. Hybrid Fuzzy Temporal FMED for Edge Tracking (HFT-
FMED):

Many LV boundary extraction methods rely on using only
the image intensity information and are in fact designed for
till 2DE image processing. A human expert observer, on the
other hand, often uses temporal image sequences as another
important a priori source of information, by considering
neighbouring framesto not only track the LV borders, but
also to effectively pick up the boundary pieces (edge points)
in the regions of very poor contrast. Indeed, since many
systemic and subjective factors, including time gain
compensation and the thickness of the patient's chest affects
the gray level intensity of the edge, the motion information
over the cycle provides a very useful source of information
for deciding where the LV boundary edge pointsarein a
series of 2DEs. This observation motivated us to improve the
ability of the fuzzy based edge detection technique (described
in the previous part) by using the temporal information of a
moving noisy edge. With this aim, we compare three
snapshots at timest-1, t, and t+1 of amoving noisy edge
together (in groups of two), to define a new fuzzy subset
representing the motion information in the signal domain at
timet. The resulting fuzzy subset is then used in conjunction
with the Edge fuzzy set of the FMED technique for edge

detection in the signal at timet to form a modified FMED for
edge tracking (HFT-FMED) [15].

D. Boundary Extraction and Post Processing:

The papillary muscle artifacts are minimized from the
resulting processed frame using multiresolution based median
filtering as described by Setarehdan et a in [15]. The
extracted boundaries for each frame of the cardiac cycle are
finally processed using a further multiresolution approach.

In the present work, we design and use non-linear 2D
scale-gpace and scale-time filters to selectively compress the
wavelet coefficients in some particular regions of the wavel et
plane by weighting them with different values. Knowledge is
applied for appropriate 2D scale-space filter designed for
epicardial and endocardial boundaries with reference to the
expected angular directions for the very low intensity contrast
regions, the expected angular directions for papillary muscles,
and finally the expected frequency scales produced by the
noisy structures.

Based on the above information and following a statistical
study which is carried out on synthetic data to minimize the
difference between the computer generated and known
defined boundaries, a set of 2D scale-space and scale-time
filter characteristics were designed and utilised.

I1l. RESULTS

This section presents the experimental results of
application of the previously described automatic HFT-
FMED based technique for epicardial and endocardia
boundaries detection and tracking in a sequence of 2DE
frames of a cardiac cycle. In al examples presented, the
number of scan linesis set to 60. This number has been
chosen based on experimental results. Smaller values would
increase the missed boundary portions while, the larger
values would not lead to noticeable improvements on the
contour estimates. The number of echo frames recorded in a
complete cardiac cycle is different for different patients and
in different situations. Although, it is possible to define the
number of framesin a cardiac cycle by simply using an ECG
triggered counter, the present work assumes this value as an
input, which is defined by inspecting the cardiac cycle.

The real echocardiographic images used in this study were
typical SA parasternal mid-papillary muscle level and LA
apical two-chamber and four-chamber echocardiographic
images obtained from different healthy subjectsand in
different instants of the cardiac cycle in the Cardiology
Department of the Western Infirmary in Glasgow. The
images were generated on a HP ultrasound system, which was
operating at 3BMHz. The images were digitised into 128 gray
levels. Figs. 2(a) shows one frame from a set of 25 frames of
a complete cardiac cycle. The cycle was processed by the



HTF-FMED based LV boundary extraction and tracking
technique and the estimated boundaries of asingle frameis
shown in Figs. 2(b) superimposed on the real images.

Automatic Echocardiographical
Anayser
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Figure 3 shows the various outputs from the analyzer for a
real 2DE SA echo. Figure 3(@) illustrates the extracted
boundaries while figure 3(b) illustrates the boundaries in 3-
dimensional form following the spatial/temporal filter

procedure. Figure 3(c) shows the extent of wall motion that is (ml) v

computed over the complete cardiac cycle. The values in volume |~ S 1 (®
figure 3(d) are those obtained for the end-diastole (EDV) and ' [ / \f\J \ ]
end-systole (ESV) LV volumes and estimated ejection 1 -1
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Figure 3 Outputs from
Echocardiographical Analyser



IV. DISCUSSION

In this paper a new automatic algorithm for endocardial
and epicardia boundary estimation in sequences of SA mid-
papillary muscle level echocardiographic images was
presented. The algorithm is based on the robust edge
detection and tracking technique of HFT-FMED, which uses
the intensity and motion information of a moving edgein a
fuzzy based framework. HFT-FMED defines a single moving
edge point for each one of the epicardia and endocardial
boundaries in the frames of a complete cardiac cycle. These
build an edge matrix of size for each boundary with the rows
representing the spatial and the columns representing the
temporal relationship of the edge points in the cardiac cycle.

The prior information on the spatial, temporal and
frequency domains properties of the boundaries are then used
in a multiresolution based procedure to remove the noisy
structures and papillary muscles from the boundaries to
define the closed continuous LV boundaries. The algorithm
was tested on real echo sequencesfor LV quantification and
LV wall motion visualisation.
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